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'Big Top' nectarine, 'Catherina' and 'Tebana' peach cultivars were grafted on almond x 123 peach hybrids and 'Pollizo de Murcia' plum rootstocks. 'Big Top' was also grafted on 124 interspecific hybrid plums. 'Summergrand' nectarine was used as an indicator cultivar 125 for restrictive compatibility (Moreno et al., 1993) , and it was grafted on most rootstocks 126 in this study. In all trials, the almond x peach hybrid rootstock GF 677 was used as 127 reference because it is commonly used in Mediterranean countries, and it is graft 128 compatible with all peach cultivars. Some plum rootstocks, such as Adesoto 101 129 (Moreno et al., 1995b) , Damas GF 1869 and Marianna 2624, were also used for 130 comparison purposes. 131
The different rootstock species used in this investigation were obtained from the 132 rootstock selection program of the Aula Dei Experimental Station and from Agromillora 133 Catalana S.A. nursery (Barcelona, Spain). For practical purposes, rootstock genotypes 134 were divided into four groups, as shown in Table 1 . 135
Each scion/rootstock combination was replicated 15 to 30 times depending on the 136 availability of plant material. Some combinations suffered losses after 3 years of field 137 testing, mainly due to the occurrence of incompatibilities. Ten replicates per 138 combination were considered the minimum acceptable for assessment. 139 140 'Translocated' incompatibility study 141
The level of compatibility-incompatibility was determined, during the first two years 142 after grafting, by visual diagnosis of the possible causes of the 'translocated' type of 143 incompatibility in the nursery, e.g. leaf and wood yellowing and reddening, defoliation, 144 tree vigor reduction and death (Moreno et al., 1993) . Moreover, a determination of leaf 145 chlorophyll concentration using a SPAD 502 meter (Minolta Co., Osaka, Japan) was 146 made each year on 1-year-old trees, from the end of June to the beginning of July. This 147 6 procedure was used as a potential tool to estimate the rate of 'translocated' graft 148 incompatibility. Measurements were made on fully expanded leaves of ten trees per 149 combination, selected from the middle of the cultivar shoot. 150 151 'Localized' incompatibility study 152 When trees were still alive, in the second and third year after grafting, anatomical 153 examination of unions ('localized' incompatibility) was carried out. Graft unions were 154 sawed by a radial-longitudinal plane according to Mosse and Herrero (1951) Category E = Observed breakage of the tree at the graft union in the nursery. 165
Also, at the time of internal examination, stem circumferences ~ 5 cm above and below 166 the graft union were measured. This method enabled searching for correlations between 167 growth characteristics and compatibility-incompatibility symptoms. 168
169

Analysis of Data 170
Data were evaluated by analysis of variance with SPSS 13.0 (Chicago, SPSS Inc. As expected, all peach and nectarine trees on Euamygdalus sub-genus rootstocks (Table  182 1) showed good graft compatibility (Table 2) . Similarly, and with the exception of PP-1 183 and PAC 952, most graft combinations were compatible when peach cultivars were 184 grafted on slow-growing plums (Table 1) . This was the case of peach and nectarine 185 cultivars used in this study, when they were grafted on 'Pollizo de Murcia' plums Tetra with peach and nectarine cultivars (Nicotra and Moser, 1997). 192 In the fast-growing plum group (Table 1) , only three Myrobalan clone rootstocks (P 193 2175, P 2980 and P 3293) exhibited good compatibility when they were grafted with 194 'Summergrand' nectarine (Table 2 ). This is in agreement with the findings of Salesses 195 and Bonnet (1992) Damas GF 1869, Evrica, Krymsk-1 and Myrobalan GF 3-1 rootstocks (Table 2) showed 210 clear symptoms of 'translocated' incompatibility. The visual symptoms appeared during 211 early and mid-summer in the form of leaf yellowing, a reduction of growth and 212 premature defoliation. Cases of incompatibility with Evrica rootstock were predictable 213 since two of its parents (P. besseyi and P. cerasifera) are usually known to be 214 incompatible with peach and nectarine cultivars (Layne, 1987) . Nevertheless, the 215 incompatibility found in Krymsk-1 contrasts with previous studies carried out in South 216
Carolina (Reighard et al., 2005) . This may be due to the differential behaviour of this 217 rootstock depending on pedologic environments and climatic conditions. We also 218 observed the development of 'translocated' and/or 'localized' incompatibilities when 219 Krymsk-1 rootstock was grafted with most of the 29 cultivars tested in another study 220 (data not shown). This suggested that care should be taken in using this rootstock with 221 commercial peach varieties in the Mediterranean area. 222 9 On the other hand, the severity of incompatibility symptoms differed between the 223 various combinations. 'Summergrand' nectarine trees grafted on PP-1, Marianna 4001, 224
Myrobalan 29 C, and Evrica had a healthy external bark appearance at the graft union 225 and homogeneous vigour, in spite of the light visual 'translocated' incompatibility 226 symptoms observed in the foliage. In this case, tree growth cessation was less acute and 227 SPAD values were not significantly different to those of compatible trees (Fig. 1) . 228
Conversely, 'Summergrand' trees grafted on Marianna 2624, Myrobalan GF 3-1, 229
Myrobalan P 1079, Damas GF 1869 and Miral showed premature defoliation, early 230 growth cessation, very low SPAD values ( Fig. 1 ) and acute leaf curl since the very first 231 growing season (one-year-old trees). SPAD values are generally correlated with leaf 232 chlorophyll concentration (Shi and Byrne, 1995) . Its use to quantify the rate of leaf 233 yellowing due to 'translocated' incompatibility can be useful, since low SPAD values 234 may be associated with the blockage of carbohydrate assimilation and nitrogen uptake. 235
As the rate of shoot growth of incompatible graft declines, carbon export from the scion 236 through the phloem to the rootstock has been reported to slow down and decrease 237 nitrogen assimilation (Moing and Gaudillère, 1992; Moreno et al., 1994) . This suggests 238 that the rate of tissue dysfunctions (Moing and Carde, 1988) and the degree of leaf 239 chlorosis may differ from one incompatible combination to another. This different 240 degree of graft-incompatibility was previously observed in peach grafted on different 241
Myrobalan clones (Moreno et al., 1993 , Yamaguchi et al., 2004 , and may be the result 242 of the differential sensitivity of rootstocks to poisoning substances synthesized in peach 243 or nectarine foliage (Moing et al., 1987) . The absence of incompatibility in the 'Big 244
Top' / Damas GF 1869 combination (Table 2) contrasted with previous studies 245 reporting severe incompatibility between nectarine cultivars and this rootstock (Moing 246 and Salesses, 1988) . This may be explained by the different level of toxic substance 247 synthesis in peach and nectarine cultivars (Moing et al., 1987) . 248 249 'Localized' incompatibility 250
As in the 'translocated' incompatibility study, all peach and nectarine trees grafted on 251
Euamygdalus sub-genus rootstocks showed good graft compatibility (Table 2) . hand, 'localized' incompatibility was also expressed by union breakage of some 2-year-271 old 'Summergrand' nectarine trees when they were grafted on PAC 952 and PP-1 272 (Table 2) . 273
The stem diameter growth study (Table 3 ), indicates that 'localized' incompatibility was 274 not associated with a decrease in vegetative growth when dwarfing rootstocks were 275 used. In fact, two-year-old trees on Ishtara® and Jaspi® showed the lowest 276 circumference below and above the graft union, but did not significantly differ from 277 incompatible rootstocks like Marianna 4001, Bruce and Krymsk-1. The same occurred 278 in 3-year-old trees with Ishtara®, which did not differ from trees grafted on Evrica 279 rootstock. Belonging to the inter-specific hybrid plum group, Ishtara® and Jaspi® 280 rootstocks were good compatible when they were grafted with 'Summergrand' nectarine 281 (Table 2 ). This confirms previous investigations with other nectarines cultivars (Iglesias 282 et al., 2004) . However, in spite of having a homogeneous appearance, 283 'Summergrand'/Jaspi® and 'Summergrand'/Ishtara® trees were stunted (Table 3) Some combinations showed the coexistence of two types of incompatibility (Table 2) as 294 reported previously (Salesses and Bonnet, 1992; Moreno et al., 1995a) . This has been 295 observed in 'Summergrand' nectarine combinations grafted on PAC 952, PP-1,12 Marianna 4001, Myrobalan 29 C, Myrobalan P 1079, Bruce and Krymsk-1 (Table 2) . 297
These graft unions were classified as 'D' and even 'E' (smoothly broken unions) with 298 severe bark anomalies and vascular discontinuities in the graft plane. 299 'Summergrand'/PP-1 combinations showed additionally weak swollen and broken 300 unions. Concerning the group of slow-growing plums, graft incompatibility was only 301 found with PP-1 and PAC 952 (Tables 1 and 2 ). It could be that they hybridized with 302 other plum species that were incompatible with peach and nectarine cultivars. 303
In this study, it was observed that in the case of coexistence of both incompatibilities, 304 the 'translocated' type preceded the occurrence of 'localized' incompatibility. This may 305 confirm that in peach/plum combinations, 'localized' incompatibility could be the result 306 of physiological anomalies at the graft union caused by 'translocated' incompatibility. 307
In fact, starch blockage above the graft union in the scion of incompatible grafts with 308 'translocated' symptoms (Breen, 1975; Moing et al., 1987) , may prevent cambium 309 division (Oribe et al., 2003) at the graft interface and thereby impede vascular tissue 310 development and successful connection. This may lead to the formation of 311 discontinuities in the graft union interface (unpublished data). 312
According to Wertheim and Webster (2005) , the trunk diameter above the graft union of 313 most incompatible combinations is smaller than below it (Table 3) . However, this 314 difference was not significant in the present study. Nevertheless, a significant 315 correlation was found between stem circumference above the graft union of 2-year-old 316 (r=-0.524, p≤0.01) and 3-year-old trees (r=-0.238, p≤0.05) and both graft 317 incompatibility types, which is in agreement with the results of Simard and Olivier 318 (1999) for apricot. This correlation may be explained by the decrease of water and 319 nutrient supply from roots as consequence of graft incompatibility, which involves the 320 13 diminution or cease of vegetative growth of the scion and the development of the 321 rootstock as an independent entity. 322
In summary, no incompatibility was found on Euamygdalus sub-genus rootstocks with 323 any of the peach varieties used in this investigation. This study provides evidence of the 324 potential use of P. insititia species rootstocks for the peach industry. Results showed 325 the possible implication of environmental conditions on the development of graft 326 compatibility-incompatibility. This suggests the necessity of investigating genetic and 327 environmental interactions in graft incompatibility phenomena in Prunus genus. SPAD 328 values were useful to visually assess the rate of 'translocated' graft incompatibility only 329 in cases of severe incompatibility between scion-rootstock components. 330
It is concluded that, further studies concerning the development of optimal scion-331 rootstock combinations based on new plant material, especially plum rootstocks 332 including P. cerasifera and P. besseyi species should be conducted prior to their 333 commercial release as rootstocks for peach and nectarine cultivars. L 'Localized' incompatibility occurrence: cambial involution or/and vascular discontinuity at the graft union.
